The nontrivial band gap plays a critical role in quantum anomalous Hall (QAH) insulators. In this work, we propose that the intrinsic QAH phase with sizable band gaps up to 367 meV is achieved in two-dimensional hexagonal organometallic frameworks (HOMFs). Based on first-principles calculations and effective model analysis, we uncover that these large band gaps in transition metal based HOMFs are opened by strong spin-orbital coupling of the localized 4d or 5d electrons. Importantly, we reveal that Coulomb correlations can further significantly enhance the nontrivial band gaps. In addition, we suggest a possible avenue to grow these organometallic QAH insulators on a semiconducting SiC(111) substrate, and the topological features are perfectly preserved due to the van der Waals interaction. Our work shows that the correlation remarkably enhances the nontrivial band gaps, providing exotic candidates to realize the QAH states at high temperatures.
The quantum anomalous Hall (QAH) state was first proposed in a two-dimensional (2D) lattice model with spontaneously time-reversal symmetry breaking by Haldane in 1988 [1] . The nontrivial band topology of a QAH system is characterized by a topological invariant C known as the first Chern number.
According to the global topology of Bloch states, the Chern number C is defined as the integral of the Berry curvature over the occupied bands in the entire Brillouin zone (BZ) [2] . As a result, the chiral edge states associated with the quantized Hall conductance in QAH insulators are topologically protected and robustly stable against both magnetic and nonmagnetic impurities. This intriguing property provides potentially significant applications in future nanoelectronics and spintronics. Hence, extensive efforts have always been devoted in exploring realistic QAH candidates. Up to now, there have been numerous 2D materials theoretically predicted to possess QAH effects, such as graphene/magnetic-insulator heterostructures [3] [4] [5] [6] , heavy element layers [7] , semi-functionalized stanene and bismuthene [8] , and transition metal (TM) doped topological insulators (TIs) [9] [10] [11] [12] . In addition, several TM based hexagonal organometallic frameworks (HOMFs) [13] [14] [15] have also been proposed to possess QAH effects since these organometallic compounds can be possibly synthesized using chemical solution or substrate-mediated self-assembled growth methods [16] [17] [18] . Unfortunately, it is challenging to experimentally realize the QAH states in realistic materials due to the stringent requirements. So far, QAH effects were only observed in Cr or V doped (Bi, Sb) 2 Te 3 thin films at extremely low temperatures (~30 meV) [9, 10, 12, 19] . As it is quite difficult to prepare doped (Bi, Sb) 2 Te 3 films with a long-range magnetic ordering, the comprehensive study of QAH effects is seriously hindered. Therefore, it is crucially important to explore promising QAH candidates that host large band gaps and high Curie temperatures ( C T ).
In this work, based on first-principles calculations and effective model analysis, we propose that 2D HOMFs bridged by TM atoms (TM=Ta, Nb) can satisfy these above criteria. In comparison with previously reported organometallic QAH insulators with 3d electrons [13, 14] , our proposed HOMFs with Ta 5d or Nb 4d electrons possess greater intrinsic SOC strength. More importantly, the d orbitals of TM atoms in these HOMFs exhibit strong Anderson localization. Therefore, Coulomb correlations significantly enhance nontrivial band gaps [20] [21] [22] [23] [24] , resulting in sizable band gaps up to 367 meV, which are considerably larger than those reported in other HOMFs [13, 14] . Different from the interaction-driven Dirac system, in which the quantum fluctuations strongly suppress the QAH states and its ground state would be more likely to be driven into other competing orders [25, 26] , nontrivial band gaps in our proposed HOMEs are driven by SOC rather than interaction. This is essentially the same with QAH states in other Dirac systems [13, 14, 27] . Furthermore, a semiconducting SiC(111) substrate can be chosen to epitaxially grow Ta based
HOMFs. The corresponding nontrivial features are perfectly preserved due to the van der Waals interaction, suggesting the possible experimental realization of these promising QAH states.
We performed density functional theory (DFT) calculations as implemented in
Vienna ab initio Simulation Package [28] . The projector augmented wave method were used [29] . The exchange correlation functional was treated within the generalized gradient approximation in Perdew-Burke-Ernzerbof (PBE) formalism [30] . Due to the strong localization of d orbitals in HOMFs, the Heyd-Scuseria-Ernzerhof (HSE06) hybrid functional was adopted to correct the Coulomb correlations [31] . The vacuum space was set to 18 Å to avoid the artificial interaction between neighboring layers. The BZ was sampled by using a 6×6×1
Monkhorst-Pack grid. The cutoff energy of plane wave basis was set to 500 eV and the forces on each atom were smaller than 0.01 eV/Å. The phonon dispersion was calculated within the force constant approach as implemented in the PHONOPY code [32] . The tight-binding (TB) Hamiltonian was constructed by using maximally localized Wannier functions (MLWF) methods by using the WANNIER90 package [33] .
As shown in Fig. 1 To more accurately treat correlation effects of the localized electrons, HSE06
calculations with SOC are carried out, and the corresponding band structure is shown in the right panel of Fig. 2(c) . Remarkably, one finds that the nontrivial band gap at the K point is significantly enhanced to 367 meV.
As mentioned above, the band gap induced by the SOC is nontrivial. To confirm the topological properties, we calculated Berry curvature ( )  k of Ta 2 C 18 H 12 over the all occupied states in 2D momentum space as shown in Fig. 2(d) . The nonzero ( )  k diverges at the K (or K') points with the same sign and vanishes away from the K (or K') points. By the integral of the Berry curvatures over the occupied bands in the whole BZ, we obtain that the first Chern number C is equal to -1, revealing the presence of QAH states. One hallmark of a QAH insulator is the chiral edge state.
Based on MLWF methods, we constructed a TB Hamiltonian with Green's function method to obtain the edge states using WANNIERTOOLS package [38] . In Fig. 3(a ) [see Fig. 3(b) ].
To insightfully capture the topological mechanism of the correlation-enhanced large band gap QAH states in Ta 2 C 18 H 12 , we construct an effective model based on the projected-orbital analysis. As shown in Fig. 2(a) 
. It is well known that it is challenging to synthesis freestanding QAH insulators due to their poor thermodynamic stability. 2D organometallics may be grown on metal substrates, since metal may act as a proper catalyst for metal atoms and molecules to assemble [18] . However, the metal substrate will bring in trivial bands near the Fermi level and make the nontrivial features being difficultly detectable.
The investigations also indicated that the growth of 2D topological insulators on semiconductors involving strong chemical bonding is feasible in experiments [27, 40, 41] . If the realistic QAH films are epitaxially grow on a semiconducting substrate, their nontrivial features remain intact. Considering the symmetry and lattice mismatch, we suggest that the hydrogen-terminated SiC(111) surface is possible substrate for epitaxial growth of our proposed HOMFs. As shown in Fig.   5(a) We have carried out AIMD simulations to further confirm the thermodynamic stability of this vdW heterostructure. The corresponding results are shown Fig. S6 [34]. We can see that this structure is stable at least up to 400 K. The projected band structure without SOC is shown in Fig. 5(b) . As expected, the Dirac cone at the K (or K') point is preserved, which is consistent with the freestanding case. These results indicate that the SiC(111) surface can be served as a possible substrate to epitaxially grow our proposed HOMFs with desirable topological features. 
